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ABSTRACT
Objective To assess whether players who cross ≥6
time zones and/or undertake ≥10 h air travel prior to
competition experience a higher risk of injury during the
Sevens World Series than players not required to
undertake this level of travel.
Design Five-year, prospective, cohort study.
Participants All players from nine core teams
competing in the Sevens World Series from 2008/2009
to 2013/2014.
Results A total of 436 match injuries and 3363 playermatch-hours of exposure were recorded in the study,
which corresponds to an overall incidence of 129.6
injuries/1000 player-match-hours, irrespective of the
nature of pretournament travel. The incidence of injury
for those players crossing ≥6 time zones and
undertaking ≥10 h air travel prior to competition (99.3
injuries/1000 player-match-hours) was signiﬁcantly lower
than that of players undertaking ≥10 h air travel but
crossing ≤2 time zones prior to competition (148.8
injuries/1000 player-match-hours; p=0.003) and of those
undertaking ≤3 h air travel and crossing ≤2 time zones
prior to competition (146.4 injuries/1000 player-matchhours; p=0.004). There was no signiﬁcant difference in
the incidence of injury for players crossing ≤2 time
zones in the week prior to competition, irrespective of
whether the length of air travel was ≤3 h or ≥10 h
( p=0.904). Precompetition air travel had no signiﬁcant
effect ( p=0.879) on the performance of teams in terms
of their ﬁnal Tournament ranking positions.
Conclusions There was no evidence to suggest that
players were exposed to a greater risk of injury following
extensive air travel and crossing multiple time zones
prior to Tournaments in the Sevens World Series.

INTRODUCTION

To cite: Fuller CW,
Taylor AE, Raftery M. Br J
Sports Med 2015;49:
458–464.

Long-distance air travel across several time zones
exposes passengers to travel fatigue and jet lag.1–4
Travel fatigue is a consequence of discomfort
caused by sitting on a plane in a conﬁned space for
an extended period, often with inadequate sleep;
the condition results in sleepiness, headaches and
disorientation.1–4 Jet lag results from the difference
between a person’s circadian cycle prior to travel
and the cycle required to synchronise with daylight
hours at the travel destination: this condition
results in sleepiness during daylight hours while
being unable to sleep at night, loss of concentration/motivation and decreased mental/physical
performance.1–4 Travel fatigue normally resolves
within 24 h, whereas, jet-lag requires 12–24 h
recovery time for each time zone crossed.1–4
The negative effect that long-distance travel may
have on athletic performance has been the main
focus of research:4–9 detrimental performance

effects have been reported for travelling players in
baseball,10 11 American football,12 13 basketball14
and netball15 compared to the home players. It has
been suggested, however, that more rigorous
research is required in this area as the negative performance effects reported could be explained by
other factors associated with long-distance travel,
such as mental stress, changes in diet, dehydration
and viruses contracted through onboard air circulatory systems.16 17
With respect to athletes’ health, a recent study
showed that rugby players experienced a signiﬁcantly higher risk of illness when travelling across
>5 time zones compared to players competing in
their home country.18 It was speculated that the
reasons for this were linked to changes in environmental conditions, such as temperature, humidity,
altitude and pollution at the destination rather than
to jet lag. It has been suggested that jet lag may
lead to an increase in the risk of injury during high
volume/intensity athletic training but there are no
data to support/disprove this hypothesis.4 A review
of the effects of fasting during Ramadan included a
discussion of the potential effect on athletes’ circadian rhythms and the potential impact of this on
injury but no data were presented to support the
argument.19
If long-distance travel by athletes does increase
the risk of injury as a result of sleepiness and/or
reduced mental and physical performance, it might
manifest itself during the Sevens World Series.
Rugby-7s is a full contact team sport and the
Sevens World Series requires players from competing countries to undertake extensive air travel in
the week prior to the tournaments. The format of
the Series involves countries playing four to six
games over a period of 2 or 3 days at each tournament, which are normally scheduled as back-toback pairs in consecutive weeks with a 6-week to
8-week rest period between each pair of tournaments. For the ﬁrst tournament of each pair,
players/teams travel from their home country to
arrive at the location on the Monday/Tuesday prior
to the tournament starting on Friday/Saturday. This
necessitates most players undertaking long-distance
air travel that may involve ﬂights of up to 12 h and
players may cross up to 12 time zones depending
on the locations of their home country and the
tournament. For those tournaments following on
from the ﬁrst tournament, players from all countries usually travel on the Monday following the
ﬁrst tournament as the follow-on tournament takes
place over the next weekend. Therefore, while
players from each country may experience different
travel schedules prior to the ﬁrst tournament, they
experience the same travel before the follow-on
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tournament. Irrespective of the travel requirements, all players
have similar recovery periods from their time of arrival to the
start of the tournament.
The increasing popularity of Rugby-7s has created a demand
for more tournaments to be added to the Sevens World Series.
It is, therefore, important to investigate the effect of longdistance travel on the risk of injury to players. The aim of this
study was, therefore, to investigate whether Rugby-7s players
crossing ≥6 time zones and/or undertaking ≥10 h air travel to
compete in the Sevens World Series are at greater risk of injury
than players based near to the tournament location who consequently cross ≤2 time zones and/or undertake ≤3 h air travel to
reach the tournament location.

METHOD
Each country’s tournament exposure and injury data were
included in the travel study if their pretournament travel fell
within one of the following categories:
▸ Category-A (baseline travel): travelled ≤3 h and crossed ≤2
time zones
▸ Category-B (long-distance travel): travelled ≥10 h and
crossed ≤2 time zones
▸ Category-C (long-distance travel across multiple time zones):
travelled ≥10 h and crossed ≥6 time zones
These travel categories were designed to reﬂect the travel
requirements of Rugby-7s players competing in the Sevens
World Series. Category-A represented a level of travel that
would not be expected to cause travel fatigue or jet lag;
Category-B represented travel that could lead to travel fatigue
but which should not cause jet lag; Category-C travel represented travel that could lead to travel fatigue and jet-lag effects
that would require more than 5 days for recovery.1–9 It was
anticipated, therefore, that Rugby-7s players undertaking pretournament Category-C travel might still be affected by jet lag
while competing in the accompanying tournament, as this normally takes place within 5 days of arrival at the tournament
location. All travel times were based on the teams’ scheduled
ﬂight times between locations. Travel related to the ﬁrst tournament in a group was categorised on the basis of travel from the
country’s home location; travel related to follow-on tournaments was categorised on the basis of travel from the previous
tournament’s location.
A sample size calculation20 based on an incidence of 106
match injuries/1000 player-hours,21 size effect of 50%, study
power of 80% and 95% conﬁdence, indicated a need for
∼2200 player-match-hours exposure (∼740 player-match-hours
for each travel category). No allowance was made in the calculation for potential clustering effects. With nine teams included in
the study and with the assumptions that
I. each team would play six games/tournament;
II. each team’s travel arrangements for at least six of the nine
tournaments in a Series would meet the criteria for inclusion; and
III. pretournament team-travel would be spread evenly across
the three travel categories; ﬁve Sevens World Series would
provide ∼2600 player-match-hours of exposure with ∼850
player-match-hours in each travel category.
The design was a prospective, cohort study covering the
2008/2009, 2010/2011, 2011/2012, 2012/2013 and 2013/2014
World Series. Players’ anthropometric (age, body mass, stature),
match injury (body location, tissue type and nature, cause, time
of onset) and match-exposure data were collected for nine
(Australia, Canada, England, France, New Zealand, Scotland,
South Africa, USA and Wales) teams competing in the World
2 of 7

Series. These countries were included in the study for a number
of reasons including: (1) players provided a homogeneous population, in terms of body mass and stature; (2) countries provided
similar standards of medical and sports science support; and
(3) countries provided travel patterns representative of the
Northern and Southern hemispheres.
Prior to the start of each Series, a manual containing study
deﬁnitions and procedures was sent to the medical staff representing each country: the deﬁnitions and procedures were compliant with the international consensus statement for
epidemiological studies in rugby.22 An injury was deﬁned in this
study as: “Any injury sustained during a Sevens World Series
Tournament match that prevented a player from taking a full
part in all training activities and/or match play for more than
one day following the day of injury”; severity was deﬁned as:
“the number of days a player was injured—a player was deemed
to be injured until he could undertake full training and be available for match selection, whether or not he was actually select”.
Match exposures were calculated on the basis of seven players/
team exposed for 14 min/match (20 min/match for each tournament ﬁnal); no allowances were made for players temporarily
(medical treatment, yellow card) or permanently (red card)
removed from a match. Team doctors/physiotherapists recorded
injury details: players’ rehabilitation was followed up posttournament to obtain the return-to-play/training date. In the few
cases where injuries remained unresolved 3 months after the ﬁnal
tournament of a Series, team doctors/physiotherapists provided an
estimated return-to-play/training date based on the diagnosis and
clinical judgement about the player’s rehabilitation time frame.
For the 2013/2014 Sevens World Series, the teams were also
requested, for each tournament, to record after their arrival at the
tournament location the time (minutes) that players spent training
on non-match days under the activity headings: warm-up, cooldown, rugby-skills-contact, rugby-skills-non-contact, conditioningweights, conditioning-non-weights and other. Seven of the nine
countries provided training exposure data. Average daily training
exposures (day 1 being the day of arrival at the tournament location) and training content were calculated in minutes for each pretournament travel category in order to provide an indication of
whether the length/content of training schedules varied as a function of the pretournament travel category.
As an indication of whether countries’ playing performances
were affected by the pretournament travel requirements, three
average tournament ranking positions (averaged over the 5
Series) were calculated for each country—one for each of the
pretournament travel categories. Tournament ranking positions
were calculated using the 2013/2014 Sevens World Series
ranking schedule.23 This provided nine average ranking positions (1 for each country) for each of the three travel categories.
The overall average (SD) ranking position for each of the three
pretournament travel categories was then calculated from the
average ranking values of the nine countries.
Players’ baseline data are summarised as means (SD), incidence of injury as injuries/1000 player-match-hours with 95%
CI, injury severity as the mean (days; 95% CI) and median
(days; 95% CI).20 One-way analysis of variance was used to
identify differences in players’ anthropometric data across the
ﬁve Series; χ2 tests were used for differences in numbers of
injuries; Z tests for differences in incidence, mean severity and
proportions of injuries; and the Mann-Whitney U test for differences in the median severity of injuries.20 Exact p values are
reported and because of the number of statistical tests undertaken, statistical signiﬁcance was considered a possibility if
p≤0.010.
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Table 1 Anthropometric data of the sample populations as a
function of playing position and series
Playing position/series
(number in group)
Backs
2008/2009 (n=135)
2010/2011 (n=100)
2011/2012 (n=99)
2012/2013 (n=122)
2013/2014 (n=120)
All series (n=576)
Forwards
2008/2009 (n=62)
2010/2011 (n=64)
2011/2012 (n=72)
2012/2013 (n=74)
2013/2014 (n=82)
All series (n=354)

Table 3 Mean and median severities of match injuries, as a
function of pretournament travel category

Mean (SD)
Age, years

Stature, cm

Body mass, kg

22.5 (3.1)
22.7 (3.2)
22.2 (3.3)
22.8 (3.5)
23.4 (3.5)
22.7 (3.3)

180.9
180.0
181.4
181.1
181.4
180.9

(6.4)
(6.2)
(5.4)
(6.0)
(6.2)
(6.1)

87.6
86.0
87.1
86.9
87.4
87.0

(8.1)
(7.7)
(7.1)
(7.5)
(7.0)
(7.5)

23.4 (2.7)
24.0 (3.6)
23.5 (3.4)
24.2 (3.3)
24.5 (3.5)
24.0 (3.3)

188.4
188.1
187.4
187.1
187.0
187.5

(5.5)
(5.0)
(5.2)
(4.7)
(5.2)
(5.1)

99.0
97.4
96.5
97.2
98.1
97.6

(7.0)
(6.5)
(6.5)
(5.6)
(6.1)
(6.4)

RESULTS
In total, 563 players (backs: 351; forwards: 206; not known: 6)
from the nine countries were included in the study; of these,
352 players took part in one Series; 111 in two Series; 59 in
three Series; 20 in four Series and 21 in ﬁve Series. Table 1
shows the mean (SD) for age, stature and body mass of backs
and forwards competing in each Series. There were no signiﬁcant differences in the age (backs: p=0.086; forwards:
p=0.253), and stature (backs: p=0.434; forwards: p=0.393) or
body mass (backs: p=0.560; forwards: p=0.173) of the sample
populations across the ﬁve Series.
In total, the nine teams reported 436 match injuries (ﬁrst
tournaments: 215; follow-on tournaments: 180) and recorded
3363.2 player-match-hours exposure (ﬁrst tournaments:
1713.8; follow-on tournaments: 1407.5) during all games
played within the ﬁve Sevens World Series, which is equivalent
to 129.6 injuries/1000 player-match-hours (95% CI 118.0 to
142.4). There was no signiﬁcant difference ( p=0.490) in the
incidence of injuries sustained during ﬁrst (125.4 injuries/1000
player-hours; 95% CI 109.7 to 143.3) and follow-on (134.0
injuries/1000 player-hours; 95% CI 117.5 to 152.9) tournaments (irrespective of the pretournament travel category). The
numbers of match injuries, exposure and incidence of injury as
a function of the pretournament travel categories are reported
in table 2. All clubs contributed to the total number of injuries
and player-match-exposure in each of the three travel categories;
the mean and median numbers of injuries/club and
player-match-hours of exposure are also shown in table 2. There
was no signiﬁcant difference ( p=0.779) between the overall

Travel category

Mean, days
(95% CI)

Category-A (≤3 h travel; ≤2 zones)
Category-B (≥10 h travel, ≤2 zones)
Category-C (≥10 h travel, ≥6 zones)
ALL travel categories

53.5
42.3
48.9
48.5

(39.8
(33.6
(38.7
(42.0

to
to
to
to

Median, days
(95% CI)
67.2)
51.0)
59.1)
55.0)

30
30
30
30

(20 to
(27 to
(23 to
(28 to

37)
36)
38)
34)

incidence of injury associated with the travel categories (127.0)
and the incidence of injury recorded by the nine teams during
all the games they played during the ﬁve Sevens World Series
(129.6).
There was no statistically signiﬁcant difference (p=0.904)
between the incidences of injury sustained by players following
pretournament travel in Categories A and B. The incidence of
injury following pretournament travel in Category-C was,
however, signiﬁcantly lower than that observed for Categories A
(p=0.004) and B ( p=0.003). There was no signiﬁcant difference ( p=0.653) in the incidences of injury when the pretournament travel included in Category-C was separated into
East-to-West (93.8 injuries/1000 player-hours; 95% CI 68.3 to
128.9) and West-to-East (102.7 injuries/1000 player-hours; 95%
CI 81.0 to 130.3) travel.
The mean and median severities of injuries sustained by
players for each of the pretournament travel categories are
shown in table 3. There are no signiﬁcant differences between
any of the travel categories for either the mean (p values range
from 0.177 to 0.596) or median ( p values range from 0.744 to
0.991) severities of injury.
The distributions in terms of location and type of injury are
shown for each of the pretournament travel categories in tables
4 and 5, respectively. There are no statistically signiﬁcant differences between travel categories for any of the locations or types
of injury.
The playing position, nature, cause and time of onset of
injury and the match activity leading to injury are presented as
functions of pretournament travel categories in tables 6 and 7,
respectively. If injury was the result of random events, then
based on the number of backs (4) and forwards (3) in a
Rugby-7s team it would be predicted that backs should sustain
57.1% of all injuries and forwards 42.9%; these predicted
values fall within the 95% CI values for each of the three pretournament travel categories. There are no signiﬁcant differences across the pretournament travel categories for the nature,
cause or time of injury onset. There are also no signiﬁcant differences in the match activities causing injuries as a function of
pretournament travel category.

Table 2 Match injuries (total, mean/club, median/club), player-match-hours exposure (total, mean/club, median/club) and incidence of match
injuries (injuries/1000 player-hours (95% CI)), as a function of the pretournament travel category
Injuries

Exposure, player-match-hours

Travel category

Total

Mean

Median

Total

Mean

Median

Incidence, injuries/1000 player-hours

Category-A (≤3 h travel, ≤2 zones)
Category-B (≥10 h travel, ≤2 zones)
Category-C (≥10 h travel, ≥6 zones)
ALL travel categories

113
100
106
319

12.6
11.1
11.8
35.4

13
11
10
36

771.9
672.7
1067.3
2511.9

85.8
74.7
118.6
279.1

98.0
64.4
120.9
284.9

146.4
148.8
99.3
127.0

Fuller CW, et al. Br J Sports Med 2015;49:458–464. doi:10.1136/bjsports-2014-094369

(121.8 to 176.0)
(122.3 to 181.0)
(82.1 to 120.1)
(113.8 to 141.7)

3 of 7

Downloaded from http://bjsm.bmj.com/ on September 11, 2015 - Published by group.bmj.com

Original article
Table 4 Locations of match injuries, as a function of pretournament travel category
Travel category/proportion of injuries, % (95% CI)
Main/sublocation of injury

Category-A

Category-B

Category-C

ALL travel categories

Head/neck
Head/face
Neck/cervical spine
Upper limbs
Shoulder/clavicle
Upper arm
Elbow
Forearm
Wrist
Hand/finger/thumb
Trunk
Sternum/ribs/upper back
Abdomen
Low back
Sacrum/pelvis
Lower limbs
Hip/groin
Anterior thigh
Posterior thigh
Knee
Lower leg/achilles tendon
Ankle
Foot/toe

11.5 (5.6 to 17.4)
9.7 (4.3 to 15.2)
1.8 (0 to 4.2)
15.0 (8.5 to 21.6)
10.6 (4.9 to 16.3)
0.0 (−)
0.0 (−)
0.0 (−)
0.9 (0 to 2.6)
3.5 (0.1 to 6.9)
6.2 (1.8 to 10.6)
1.8 (0 to 4.2)
0.0 (−)
2.7 (0 to 5.6)
1.8 (0 to 4.2)
67.3 (58.6 to 75.9)
2.7 (0 to 5.6)
9.7 (4.3 to 15.2)
8.8 (3.6 to 14.1)
22.1 (14.5 to 29.8)
9.7 (4.3 to 15.2)
9.7 (4.3 to 15.2)
4.4 (0.6 to 8.2)

14.0 (7.2 to 20.8)
14.0 (7.2 to 20.8)
0.0 (−)
17.0 (9.6 to 24.4)
11.0 (4.9 to 17.1)
0.0 (−)
1.0 (0 to 3.0)
1.0 (0 to 3.0)
1.0 (0 to 3.0)
3.0 (0 to 6.3)
10.0 (4.1 to 15.9)
4.0 (0.2 to 7.8)
1.0 (0 to 3.0)
5.0 (0.7 to 9.3)
0.0 (−)
59.0 (49.4 to 68.6)
0.0 (−)
6.0 (1.3 to 10.7)
11.0 (4.9 to 17.1)
15.0 (8.0 to 22.0)
7.0 (2.0 to 12.0)
16.0 (8.8 to 23.2)
4.0 (0.2 to 7.8)

13.3 (6.8 to 19.8)
13.3 (6.8 to 19.8)
0.0 (−)
18.1 (10.7 to 25.5)
9.5 (3.9 to 15.1)
1.0 (0 to 2.8)
0.0 (−)
0.0 (−)
1.0 (0 to 2.8)
6.7 (1.9 to 11.4)
5.7 (1.3 to 10.2)
4.8 (0.7 to 8.8)
0.0 (−)
1.0 (0 to 2.8)
0.0 (−)
62.9 (53.6 to 72.1)
3.8 (0.1 to 7.5)
6.7 (1.9 to 11.4)
10.5 (4.6 to 16.3)
16.2 (9.1 to 23.2)
3.8 (0.1 to 7.5)
16.2 (9.1 to 23.2)
5.7 (1.3 to 10.2)

12.9 (9.2 to 19.3)
12.3 (8.7 to 18.5)
0.6 (0 to 2.1)
16.7 (12.6 to 23.8)
10.4 (7.0 to 16.2)
0.3 (0 to 1.4)
0.3 (0 to 1.4)
0.3 (0 to 1.4)
0.9 (0 to 2.8)
4.4 (2.1 to 8.3)
7.2 (4.4 to 12.2)
3.5 (1.5 to 7.0)
0.3 (0 to 1.4)
2.8 (1.0 to 6.0)
0.6 (0 to 2.1)
63.2 (57.9 to 72.4)
2.2 (0.6 to 5.0)
7.5 (4.6 to 12.6)
10.1 (6.8 to 15.8)
17.9 (13.7 to 25.3)
6.9 (4.1 to 11.8)
13.8 (10.0 to 20.4)
4.7 (2.4 to 8.8)

The average tournament ranking positions for the nine teams
during the ﬁve Sevens World Series are shown with respect to
the pretournament travel categories in table 8. There are no signiﬁcant differences ( p=0.879) between the average ranking
positions as a function of the pretournament travel category.
Only one of the nine countries (team 1) showed a trend indicating that tournament performance may be affected by travel.

The average non-match-day training exposures for all players
on non-match days are shown as a function of the pretournament travel category in ﬁgure 1. Training exposures varied
between 70 and 100 min but there are no signiﬁcant differences
between the travel categories in the total amount of training
undertaken over the 4 days (Category-A: 323 min; Category-B:
322; Category-C: 326). The training exposure on day 1

Table 5 Types of match injury sustained, as a function of pretournament travel category
Travel category/proportion of injuries, % (95% CI)
Main/sub-type of injury

Category-A

Category-B

Category-C

ALL travel categories

Bone
Fracture
Other bone
Central/peripheral nervous system
Concussion
Nerve
Joint (non-bone)/ligament
Dislocation/sublux
Lesion meniscus/etc
Sprain/ligament
Muscle/tendon
Haematoma/etc
Muscle rupture/etc
Tendon injury/etc
Skin
Laceration
Other injuries
Visceral
Other

11.9 (5.8 to 18.0)
10.1 (4.4 to 15.7)
1.8 (0 to 4.4)
8.3 (3.1 to 13.4)
6.4 (1.8 to 11.0)
1.8 (0 to 4.4)
39.4 (30.3 to 48.6)
6.4 (1.8 to 11.0)
5.5 (1.2 to 9.8)
27.5 (19.1 to 35.9)
37.6 (28.5 to 46.7)
12.8 (6.6 to 19.1)
23.9 (15.9 to 31.9)
0.9 (0 to 2.7)
1.8 (0 to 4.4)
1.8 (0 to 4.4)
0.9 (0 to 2.7)
0.0 (−)
0.9 (0 to 2.7)

9.0 (3.4 to 14.6)
9.0 (3.4 to 14.6)
0.0 (−)
11.0 (4.9 to 17.1)
8.0 (2.7 to 13.3)
3.0 (0 to 6.3)
46.0 (36.2 to 55.8)
7.0 (2.0 to 12.0)
13.0 (6.4 to 19.6)
26.0 (17.4 to 34.6)
30.0 (21.0 to 39.0)
12.0 (5.6 to 18.4)
12.0 (5.6 to 18.4)
6.0 (1.3 to 10.7)
1.0 (0 to 3.0)
1.0 (0 to 3.0)
3.0 (0 to 6.3)
2.0 (0 to 4.7)
1.0 (0 to 3.0)

9.5
9.5
0.0
9.5
9.5
0.0
46.7
5.7
8.6
32.4
33.3
15.2
16.2
1.9
1.0
1.0
0.0
0.0
0.0

10.2 (6.8 to 13.5)
9.6 (6.3 to 12.8)
0.6 (0 to 1.5)
9.6 (6.3 to 12.8)
8.0 (5.0 to 11.0)
1.6 (0.2 to 3.0)
43.9 (38.5 to 49.4)
6.4 (3.7 to 9.1)
8.9 (5.8 to 12.1)
28.7 (23.7 to 33.7)
33.8 (28.5 to 39.0)
13.4 (9.6 to 17.1)
17.5 (13.3 to 21.7)
2.9 (1.0 to 4.7)
1.3 (0.3 to 2.5)
1.3 (0.3 to 2.5)
1.3 (0.3 to 2.5)
0.6 (0 to 1.5)
0.6 (0 to 1.5)

4 of 7

(3.9 to 15.1)
(3.9 to 15.1)
(−)
(3.9 to 15.1)
(3.9 to 15.1)
(−)
(37.1 to 56.2)
(1.3 to 10.2)
(3.2 to 13.9)
(23.4 to 41.3)
(24.3 to 42.4)
(8.4 to 22.1)
(9.1 to 23.2)
(0 to 4.5)
(0 to 2.8)
(0 to 2.8)
(−)
(−)
(−)
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Table 6 Nature and causes of match injury, as a function of pretournament travel category
Travel category/proportion of injuries, % (95% CI)
Cause of injury
Playing position at onset
Back
Forward
Nature of onset
Acute
Gradual onset
Cause of onset
Contact
Non-contact
Other
Time of onset
First half
Second half

Category-A

Category-B

Category-C

ALL travel categories

61.5 (52.3 to 70.6)
38.5 (29.4 to 47.7)

58.0 (48.3 to 67.7)
42.0 (32.3 to 51.7)

60.4 (51.1 to 69.7)
39.6 (30.3 to 48.9)

60.0 (54.6 to 65.4)
40.0 (34.6 to 45.4)

90.8 (85.4 to 96.2)
9.2 (3.8 to 14.6)

87.0 (80.4 to 93.6)
13.0 (6.4 to 19.6)

94.3 (89.8 to 98.7)
5.7 (1.3 to 10.2)

90.8 (87.6 to 94.0)
9.2 (6.0 to 12.4)

72.0 (63.5 to 80.5)
27.1 (18.7 to 35.5)
0.9 (0 to 2.8)

81.1 (73.2 to 88.9)
18.9 (11.1 to 26.8)
0.0 (−)

79.4 (71.6 to 87.3)
19.6 (11.9 to 27.3)
1.0 (0 to 2.9)

77.3 (72.6 to 82.0)
22.0 (17.4 to 26.7)
0.7 (0 to 1.6)

38.3 (29.1 to 47.5)
61.7 (52.5 to 70.9)

37.4 (27.8 to 46.9)
62.6 (53.1 to 72.2)

40.8 (31.3 to 50.3)
59.2 (49.7 to 68.7)

38.8 (33.4 to 44.3)
61.2 (55.7 to 66.6)

following pretournament travel in Category-A was higher than
that on day 1 for Categories B and C; this may reﬂect an earlier
time of arrival at the tournament location for those countries
not required to undertake long distance travel, which would
provide these countries with more time for training. Figure 2
shows the average composition of teams’ non-match-day training on a daily basis as a function of the pretournament travel
category. There are no signiﬁcant differences between the three
travel categories in the overall content of the training undertaken:
rugby-skills-non-contact
(Category-A:
34.4%;
Category-B: 34.9%; Category-C: 35.0%), conditioning-weights
(Category-A: 20%; Category-B: 26.5%; Category-C: 21.4%)
and rugby-skills-contact (Category-A: 15.7%; Category-B:
15.5%; Category-C: 13.5%) provided the main training
components.
Only ﬁve training injuries were recorded by the seven countries reporting training data during the nine 2013/2014 tournaments. Further analysis of training injury data was, therefore,
not justiﬁed.

DISCUSSION
This is the ﬁrst study to assess the potential impact of travel
fatigue and jet lag on the incidence of injury among elite athletes. Best practice advice on air travel indicates that 4 days
should provide sufﬁcient time for players to recover from the

effects of travel fatigue and travel across 4 time zones.1–9 While
travel fatigue and jet lag should not, therefore, impact on
Rugby-7s players in many of the Sevens World Series tournaments as they involve players crossing ≤4 time zones,1–9 there
are other tournaments where players have long-distance travel
across ≥4 time zones. In industry, it has been reported that sleep
deprivation slows employees’ cognition and psychomotor performance leading to increases in errors of omission and commission.24 If there was insufﬁcient time for players to recover from
the effects of jet lag, they might be at an increased risk of injury.
The injury risks in 15-a-side rugby have been quantiﬁed,25–27
but it is conceivable that reductions in players’ normal levels of
cognitive and psychomotor performance, as a consequence of
jet lag, could increase their risk of injury.
Players exposed to the greatest pretournament travel burden
(Category-C) exhibited a signiﬁcantly lower incidence of injury
than players in the other two travel categories; however, the
reason for this is not obvious. It is possible that teams undertaking extensive travel prior to a tournament remain fatigued and
jet-lagged during the associated tournament and did not
compete at the same intensity as they would when not fatigued
or jet-lagged; hence, they indirectly reduced their risk of sustaining an injury. If this were the case, one would expect it to be
reﬂected in the team’s tournament performance. There was,
however, no signiﬁcant difference in tournament performance

Table 7 Match activity at the time of match injury, as a function of pretournament travel category
Travel category/proportion of injuries, % (95% CI)
Activity at time of injury

Category-A

Category-B

Category-C

ALL travel categories

Collision
Kicking
Lineout
Maul
Ruck
Running
Scrum
Tackled
Tackling
Other

11.0 (5.1 to 16.9)
0.9 (0 to 2.7)
0.0 (−)
0.9 (0 to 2.7)
6.4 (1.8 to 11.0)
23.9 (15.9 to 31.9)
0.9 (0 to 2.7)
31.2 (22.5 to 39.9)
18.3 (11.1 to 25.6)
6.4 (1.8 to 11.0)

14.3 (7.4 to 21.2)
0.0 (−)
1.0 (0 to 3.0)
0.0 (−)
7.1 (2.0 to 12.2)
17.3 (9.9 to 24.8)
1.0 (0 to 3.0)
28.6 (19.6 to 37.5)
26.5 (17.8 to 35.3)
4.1 (0.2 to 8.0)

12.7 (6.3 to 19.2)
2.0 (0 to 4.7)
1.0 (0 to 2.9)
1.0 (0 to 2.9)
6.9 (2.0 to 11.8)
16.7 (9.4 to 23.9)
1.0 (0 to 2.9)
37.3 (27.9 to 46.6)
20.6 (12.7 to 28.4)
1.0 (0 to 2.9)

12.6 (8.9 to 16.3)
1.0 (0 to 2.1)
0.6 (0 to 1.5)
0.6 (0 to 1.5)
6.8 (4.0 to 9.6)
19.4 (15.0 to 23.8)
1.0 (0 to 2.1)
32.4 (27.1 to 37.6)
21.7 (17.1 to 26.3)
3.9 (1.7 to 6.0)
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Table 8 Average tournament ranking position, as a function of
pretournament travel category
Travel category; average tournament
ranking position
Country

Category-A

Category-B

Category-C

Country average
ranking value across
travel categories

Team-1
Team-2
Team-3
Team-4
Team-5
Team-6
Team-7
Team-8
Team-9
Average
St dev

4.9
10.0
5.1
9.5
2.1
8.7
4.4
12.3
7.5
7.2
3.3

7.8
14.8
5.6
8.0
2.1
12.1
3.3
10.4
7.3
7.9
4.1

10.1
9.1
4.6
8.8
3.0
11.1
4.5
11.4
8.1
7.9
3.1

7.6
11.3
5.1
8.8
2.4
10.6
4.1
11.4
7.6
7.7
3.2

(in terms of ﬁnal tournament ranking) when teams undertook
Category-C travel compared to Category-A and Category-B
travel. In addition, analyses of all the other risk factors associated with injury indicated that there were no signiﬁcant differences across the three travel categories for the severity, nature,
cause or time of the injuries sustained. It could be argued that
players competing near to home (Category-A) may compete at a
higher intensity in order to win the tournament in front of their
own supporters, consequently exposing themselves to a greater
risk of injury. However, countries playing a long way from
home also contributed to the match exposure and injuries
included in this category. For example, in one set of paired tournaments, the ﬁrst tournament took place in Scotland and the
second tournament in England, which is a 1 h ﬂight from
Scotland and in the same time zone. In this case, the pretournament travel for all teams travelling from Scotland to England
was classiﬁed as Category-A.
There was no indication that the signiﬁcantly taller and
heavier forwards were exposed to a greater risk of injury after
sitting on a plane for extended periods of time, as the nature of
injuries sustained by forwards remained essentially the same
across all pretournament travel categories. It might also be
anticipated that when players sit on board a plane for extended
periods of time (Categories B and C), they might subsequently
sustain muscle strains due to restricted lower limb blood ﬂow

Figure 1 Average, non-match-day, daily training exposure (minutes)
as a function of team’s pretournament travel category (day 1 equates
to the team’s day of arrival at the tournament location; day 5 normally
represents the ﬁrst day of competition).
6 of 7

Figure 2 Average composition of non-match-day, daily training
programmes as a function of the pretournament travel category (day 1
equates to the team’s day of arrival at the tournament location; day 5
normally represents the ﬁrst day of competition).

during the ﬂight leading, for example, to muscle stiffness and
cramps,3 4 16 but there was no indication that this was the case.
Apart from small differences in exposure on the ﬁrst day at a
tournament location, the teams involved in this study undertook
very similar training programmes irrespective of the pretournament travel category. It has been suggested that the timing of
training sessions may impact on players’ ability to induce circadian phase shifts7 and a questionnaire has been developed to
monitor training load and fatigue among Rugby-7s players.28
More detailed investigation of these factors may provide additional information to determine whether fatigue levels during
the pretournament period are important. Forbes-Robertson
et al7 speciﬁcally examined the issue of coping with intercontinental travel during the Sevens World Series and recommended
avoiding heavy training for the ﬁrst few days after travel across
multiple time zones. These authors, however, emphasised that
further research was required to deﬁne the optimum time,
amount and type of exercise required for players to reset their
circadian cycles.
This study was not designed to monitor players’ physiological
changes as a consequence of travel but to determine the possible
effect that extensive pretournament travel may have on players’
risk of injury. In this respect, there was no evidence to suggest
that players were exposed to a greater risk of injury or were
likely to perform at a lower standard following extensive air
travel and crossing multiple time zones. It is suggested that
further investigations are undertaken in order to monitor
players’ cognitive functions and training intensity in the days
between arrival and competition to determine whether these
factors are affected by travel patterns.
The results and conclusions presented should be viewed in
the context of the study’s strengths and weaknesses. The data,
which were collected as part of an on-going prospective injury
surveillance study, complied with the international rugby consensus statement for the collection and analysis of rugby injury
data. All data were collected and reported by qualiﬁed medical
staff supporting the teams. There were no signiﬁcant differences
in the stature or body mass of the sample populations across the
ﬁve Series and there was no evidence that players experienced a
higher incidence of injury during follow-on tournaments compared to a ﬁrst tournament. It was, therefore, deemed acceptable
to pool the exposures and injury data from all tournaments in
the ﬁve Series to generate a single sample population in order to
achieve the statistical power required to achieve the aims of the
Fuller CW, et al. Br J Sports Med 2015;49:458–464. doi:10.1136/bjsports-2014-094369
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study. All teams included in the study contributed to the match
injury and exposure data included in each of the travel categories, and the similarities between the mean and median values
indicate that the data were not skewed or biased to the injury
patterns of any individual teams. The total exposure recorded
was greater than that indicated by the sample size calculation;
however, while the exposures recorded for Categories A and C
were higher than required, Category-B travel was slightly less
than required for an individual travel category. The training data
collected only related to one season and did not record the
intensity of training or the time of day when the training was
undertaken.
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